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Description 

SYNCHRONIZATION DEVICE OF LOCKING 

RING TYPE 

Cross Reference to Related Applications 

[0001] This present application is a continuation-in-part patent 
application of International Application No. PCT/ 
SE02/00247 filed 13 February 2002 which was published 
in English pursuant to Article 2 1(2) of the Patent Coopera- 
tion Treaty, and which claims priority to Swedish Applica- 
tion No. 0100453-0 filed 13 February 2001. Both applica- 
tions are expressly incorporated herein by reference in 

their entireties. 
Background of Invention 

Technical Field 

[0002] Th e present invention relates to a synchronization device, 

which is provided in a gear arrangement forming part of a 

vehicle transmission. 
Background 



[0003] a gear box in a vehicle transmission usually has an input 
rotating shaft and an output rotating shaft. The principal 
object is to transmit rotation with the possibility of select- 
ing between various rotational gear ratios between the in- 
put and output shafts. 

[0004] The document SE 514231 C2, corresponding to 

US2003/0110876 Al and the disclosure of which is ex- 
pressly incorporated herein by reference, discloses a type 
of a previously known range gear box of the planetary 
gearing type, where the ring gear itself is utilized as a 
clutch sleeve. The ring gear is axially displaceable be- 
tween a high-range position and a low-range position. A 
first clutch ring is fixedly connected with a range gear 
housing and a second clutch ring is fixedly connected with 
an input shaft of the range gear box. Synchronization 
rings are provided on either side of the ring gear. On each 
respective synchronization ring, a garter spring is pro- 
vided, the purpose of which is to transmit bearing force 
from the ring gear to the synchronization ring during syn- 
chronization and gear changing by means of cooperation 
with recesses in the ring gear. During a change of the 
gears, for example from low-range position (low gear) 
and a large gear ratio to high-range position (high gear) 



and a smaller gear ratio, the rate of rotation of the ring 
gear must be adjusted to the rate of rotation of the input 
shaft before it can be locked to, or be engaged with the 
input shaft. This is achieved by means of the fact that a 
bearing force is applied to the ring gear in an axial direc- 
tion towards the synchronization ring for high-range; i.e., 
the synchronization ring must adjust the rotation of the 
ring gear to the rate of rotation of the input shaft. When 
synchronization of the rotation speed has been achieved, 
the ring gear is locked to the input shaft because the ring 
gear now can be axially displaced and engage with the 
clutch ring for high-range, which clutch ring is rotation- 
ally connected with the input shaft. By means of bars for 
conveyance, which are provided on both synchronization 
rings, these will always rotate with the ring gear even 
when the ring gear is axially displaced in relation to the 
respective synchronization ring. During synchronization 
and gear changing, the respective garter spring transmits 
bearing force from the ring gear to the respective syn- 
chronization ring by means of cooperation with recesses 
in the ring gear. Planet wheels are provided on a planet 
carrier. During its axial movement for engagement of 
gear, the ring gear will separate the friction surfaces in 



the synchronization to the gear which is disengaged. This 
is provided by means of axial surfaces in the recesses on 
the synchronization ring and the recesses on the ring gear 
cooperate with the respective garter spring and thereby 
pull apart the friction surfaces of the clutch ring and the 
synchronization ring, respectively. Friction losses from 
trailing synchronization rings are eliminated, which re- 
sults in a fuel saving. At the same time, the wear on the 
friction surfaces is also reduced. The synchronization de- 
vice according to the document SE 514231 C2 results in a 
wide ring gear and a small freedom to optimize synchro- 
nization details and ring gear teeth since they are mutu- 
ally dependent. 
[0005] The document SE 450944 Bl, corresponding to US 

4,667,538 and the disclosure of which is expressly incor- 
porated herein by reference, discloses another example of 
a two-geared synchronized gear arrangement in a range 
gear box of the planetary gearing type, where the syn- 
chronization for each gear is constituted by a clutch ring, 
a synchronization ring which cooperates with the clutch 
ring by means of friction surfaces and is axially displace- 
able, which synchronization ring is arranged to rotate with 
an axially displaceable clutch sleeve, and a spring suspen- 



sion element in the form of a garter spring. In this type of 
synchronization device, the entire synchronization device 
is provided on one side of the ring gear of the planetary 
gearing, which ring gear is fixed to the clutch sleeve. In 
this case as well, garter springs transmit bearing force 
from the sleeve to the synchronization ring during syn- 
chronization and gear changing by means of cooperation 
with recesses in the clutch sleeve. In this case as well, a 
change of gears takes place in a manner which is similar 
to that for the device according to the document SE 
514231 C2. Corresponding bars for conveying both syn- 
chronization rings result in that these always rotate with 
the clutch sleeve even when the clutch sleeve is displaced 
axially in relation to the respective synchronization ring. 
This implies that the synchronization ring, which at the 
moment does not have its rate of rotation adjusted to the 
associated clutch ring, will lie and trail against its associ- 
ated clutch ring. Due to the fact that the rates of rotation 
are different on the synchronization ring and the clutch 
ring for the non-engaged gear, this results in friction 
losses as the cone-shaped friction surfaces glide against 
each other. 

[0006] The synchronization rings in the document SE 450944 Bl 



are axially displaceable in relation to the clutch ring and 
the clutch sleeve. As a result, when the vehicle in which 
the gear arrangement is provided travels on, for example, 
uphill slopes or downhill slopes, one of the synchroniza- 
tion rings will trail against its clutch ring, more or less, 
depending on which axial direction it moves as a result of 
the force of gravity. 

[0007] For a similar device as the device for heavy diesel vehicles 
which is exemplified in the document SE 450944 Bl, an 
average counteracting moment of approximately 2 Nm 
has been measured from the trailing synchronization ring 
for low-range, which corresponds to approximately 1 cl 
diesel fuel per 10 km. 

[0008] The synchronization device according to the document SE 
450944 Bl is also composed of many parts and is there- 
fore comparatively expensive to manufacture and assem- 
ble. 

[0009] Thus, there is a demand for reducing or eliminating fric- 
tion losses in synchronization devices which are provided 
in a range gearing where the low-range and the high- 
range synchronization ring is provided on the same side 
in relation to the clutch sleeve, as well as for simplifying 
manufacture and assembly of the arrangement. This is 



also a principal object of the invention described below. 
Summary of Invention 

[0010] Devices configured according to the present inventive 
teachings are based on synchronization devices of the 
type described hereinabove and which are also referred to 
in the art as being the locking ring versions of the so- 
called Borg-Warner-synchronization type. Such devices 
comprise (include, but are not limited to) a synchroniza- 
tion device of the locking ring type, which are provided in 
a gear arrangement forming part of a vehicle transmis- 
sion. The arrangement is intended to, on the one hand, 
synchronize the rotation speed between a shaft and a ring 
gear which is coaxially arranged in relation to the shaft 
and forms part of a planetary gearing, and on the other 
hand, forms part of the gear arrangement between the 
ring gear and a gear housing. The synchronization device 
comprises a first clutch ring which is fixed to the shaft 
and a second clutch ring which is fixed to the gear box 
housing. At least one synchronization ring is also included 
that cooperates with the clutch rings by means of friction 
surfaces and is axially displaceable; the synchronization 
ring is arranged to rotate with an axially displaceable 
clutch sleeve. The clutch sleeve is fixed to the ring gear. 



At least one spring suspension element is provided that 
transmits bearing force from the clutch sleeve to the syn- 
chronization ring during synchronization and gear chang- 
ing by means of cooperation with first recesses in the 
clutch sleeve. The clutch sleeve, clutch rings, synchro- 
nization ring, and the spring suspension element are pro- 
vided on one side of the ring gear. The synchronization 
device is characterized in that one of the synchronization 
rings is constructed together with an additional mirror- 
inverted synchronization ring in order to form a double 
synchronization ring. Further, the clutch sleeve during its 
axial movement for gear engagement separates the fric- 
tion surfaces in the synchronization device to the gear 
which resultingly become disengaged because at least one 
second recess is provided on the double synchronization 
ring and the spring suspension element cooperates with 
the second recess as well. 
[° 011 ] In this way, apart from the advantage regarding elimina- 
tion of friction losses due to trailing synchronization 
rings, there is also the benefit make possible by the re- 
duction in the number of included parts in a gear ar- 
rangement. 
Brief Description of Drawings 



[0012] The present invention(s) are further described below with 
reference to the annexed drawings that are utilized to ex- 
emplify preferred embodiment(s) thereof and associated 
technical background. The figures include the following: 

[0013] pig. 1 is a partial cross-sectional, partial cutaway view 
showing an embodiment of the invention in which two 
synchronization rings are constructed together into one 
double synchronization ring and with one recess and a 
spring suspension element, per clutch ring, provided in a 
range gearing of the planetary gearing type; and 

[0014] pig. 2 is a partial cross-sectional, partial cutaway view 

showing an embodiment of the invention where two syn- 
chronization rings are constructed together into one dou- 
ble synchronization ring and provided in a range gearing 

of the planetary gearing type. 
Detailed Description 

[0015] The embodiments shown in Figs. 1 and 2 correspond in 
principle to the range gear box shown in SE document 
450944 apart from the parts which are special for the in- 
vention. Thus, reference numeral 3 indicates the range 
gear housing. The main gear box (not shown) has an out- 
put shaft 5, which inserts into the range gear box's hous- 
ing 3. The shaft 5 forms the range gear box's input shaft, 



which via a planetary gearing, which is generally indicated 
with the reference numeral 7, is connected to an output 
shaft 8 which is provided with a flange for connection to 
the vehicle's universal driving shaft (not shown). 
[0016] The planetary gearing arrangement 7 comprises a sun 
pinion 9 that is fixedly connected with the input shaft 5. 
The sun pinion 9 engages planet wheels 10, which are 
mounted on shafts 11 supported by a planet carrier 12 
that is non-rotatably fixed to the output shaft 8 via a 
spline coupling 13. The planet wheels 10 engage with a 
ring gear 14, which has internal teeth 15 disposed in en- 
gagement with external teeth 16 on a ring-shaped flange 

17, and which is formed in one piece with a clutch sleeve 

18. A locking ring 19 in a groove in the ring gear 14 fixes 
the clutch sleeve 18 and the ring gear 14 axially in rela- 
tion to each other. The sleeve 18 is axially displaceable by 
means of a shifting fork that is connected to the vehicle's 
gear mechanism. 

[0017] The clutch sleeve 18 has internal teeth 20, which in the 
position shown in Fig. 1 engage with corresponding teeth 
on a clutch ring 21 which via a spline coupling 22, is non- 
rotatably connected with the hub of the planet carrier 12. 
The clutch ring 21 is formed with a synchronization cone 



23, that supports a double synchronization ring 24 in en- 
gagement with the teeth 20 of the clutch sleeve 18. A cor- 
respondingly toothed clutch ring 25, with synchronization 
cone 26, is fixed to the rear gable of the range gear hous- 
ing 3. The clutch ring 25, with external teeth 29, engages 
in the internally formed teeth 30 of the house 3. The thus 
formed double synchronization ring results in the number 
of parts being reduced and provides a simplified assembly 
over previously known solutions. 
[0018] The teeth 20 of the clutch sleeve 18 have first recesses 32 
and 33, which are each intended to receive a ring-shaped 
spring 28 and 34, the purpose of which is to transmit the 
bearing force from the sleeve 18 to the double synchro- 
nization ring 24 during synchronization and gear chang- 
ing. In principle, the first recesses 32 and 33 form a pair 
of ring-shaped grooves in which the respectively associ- 
ated springs 28 and 34 are pressed in and out of during 
gear changing. During the gear changing movement, the 
springs are compressed (i.e. tightened) by the ridge 35 
formed between the first recesses 32 and 33. In the re- 
cesses 32 and 33, the axial surfaces against the ridge 35 
are arranged with an inclined angle is adjusted to the syn- 
chronization in order to provide that the movement of the 



respective garter spring out of the first recesses 32 and 
33 shall take place during a certain axial bearing force. 
The garter springs 34 and 28 can also be provided with a 
correspondingly angled edge surface. In order to achieve 
optimal synchronization, the inclination of the edge sur- 
faces are adjusted to the respective synchronization de- 
vice. 

[0019] | n eacn enc | on the internal side (as seen from a radial 

perspective) of the double synchronization ring 34, cone- 
shaped friction surfaces 36 and 37 are arranged which 
cooperate during synchronization with cone-shaped fric- 
tion surfaces 23 and 26 corresponding to each clutch ring 
21 and 25. On the external side of the double synchro- 
nization ring 24, bars 38, 39, 40 and 41 are arranged for 
conveying the double synchronization ring 24. The bars 

38, 39, 40 and 41 can be compared to teeth, which en- 
gage with corresponding teeth 20 on the clutch sleeve 18. 
The bars secure and assure that the double synchroniza- 
tion ring 24 rotates with the clutch sleeve 18. The clutch 
sleeve 18 is, however, axially displaceable in relation to 
the double synchronization ring 24. On the double syn- 
chronization ring 24 between the respective bars 38 and 

39, and 40 and 41, second recesses 42 and 43, are re- 



spectively provided and that each run around the entire 
circumference of the double synchronization ring 24. The 
dimensions of the respective second recesses 42 and 43 
are determined by the dimensions of the corresponding 
garter spring 34 and 28 so that there is room for the re- 
spective garter spring when it is positioned in its com- 
pressed position; i.e., on the ridge 35 as exemplified by 
garter spring 34 in Fig. 1. 
[0020] pig. 1 discloses a range gearing (range gear arrangement) 
in which the high-range gear is engaged; that is, the ring 
gear 14 is engaged to rotate with the output shaft 8. 
When the driver selects the low-range gear by means of a 
gear-changing device, an axial force is transmitted to the 
clutch sleeve 18 in a known manner, and which causes the 
clutch sleeve 18 to move to the right in Fig. 1. The sleeve 
18 is first disengaged from the teeth of the clutch ring 21. 
Both garter springs 28, 34 follow the clutch sleeve 18 in 
its movement to the right in Fig. 1. The garter spring 34 is 
situated in its compressed position, (i.e., tightened) upon 
the ridge 35 and the garter spring is situated in the recess 
33. When the clutch sleeve 18 is moved to the right, it 
brings the double synchronization ring 24 with it until the 
friction surfaces 26 and 37 meet, after which the garter 



spring 28, by means of an inclined angle between the 
groove 33 and the ridge 35 on the clutch sleeve 18, pro- 
vides an axial force which acts in the recess 43 on the ax- 
ial surface against bars 41. The axial force presses the 
friction surfaces 37 and 26 together and synchronization 
and engagement takes place in the same manner as for a 
single synchronization ring as in, for example, SE docu- 
ment 450944 Bl. After engagement, recesses 42 and the 
axial force against bars 39 assure that the friction surface 
36 of the double synchronization ring 24 does not come 
into contact with corresponding friction surface 23. Due 
to the fact that the friction surfaces are not be in contact 
with each other, no friction losses or unnecessary wear 
will ensue. 

[0021] a corresponding course of events takes place when the 
clutch sleeve 18 moves from low-range position to high- 
range position which would be exemplified by displace- 
ment to the left in Fig. 1. 

[0022] | n t he embodiment configured and exemplarily illustrated 
in Fig. 2, two corresponding garter springs are reduced to 
one single garter spring 46. In this manner, the number of 
included parts is further reduced and manufacture and 
assembly has been resultingly simplified, yet with main- 



tained function. The recess 49 is adjusted to the distance 
between the first recesses 47 and 48 in order to provide 
that the garter spring 46 is able to detain the double syn- 
chronization ring 45 after engagement and thereby pre- 
vent contact between friction surfaces for non-engaged 
gear positions. 

[0023] The synchronization device according to the invention 

with double synchronization ring can also be provided in 
front of the planetary gearing; that is, between the vehi- 
cle's main gear box and the planetary gearing in the range 
gear box. In this case, one of the clutch rings is fixed to 
the input shaft or the planet carrier and the other clutch 
ring is fixed to the range gear housing, respectively. 

[0024] | t should also be appreciated that instead of garter 

springs, it is alternatively possible to use other types of 
springing elements in order to provide axial movement of 
the synchronization ring. 



